Summary.-Two murine lymphomas of spontaneous origin were stored in liquid N2 as cell suspensions in DMSO for 8 and 13 years respectively. Isogeneic transplantation assays done some years before freezing and immediately after thawing indicated no measurable loss of clonogenic cells during freezing, storage or thawing; the number of cells required for 50%o successful transplantation remained close to unity in both cases. The overall data revealed no evidence of an alteration of the receptivity of the mouse colonies over a period of 13 or 20 years. We attribute this remarkable stability to close supervision of the systems within a single laboratory. THE OBSERVATIONS to be described were made following re-establishment of our entire laboratory facilities and inbred mouse colonies in a new location. It was necessary to confirm that the contents of our liquid N2 store were intact after transfer and transport of ampoules, and that our technical procedures yielded quantitative data compatible with that obtained in previous years. Our findings are reported here because of their wider interest respecting prolonged cold storage of cells and the quantitative stability of isogeneically transplanted tumour systems of spontaneous origin.
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Successful recovery of viable tissue cells after freeze-storage for over 10 years has been reported by Macy and Shannon (1973) and by Holdridge and Hauschka (1974) (Hewitt, 1958) , and of the response of the leukaemia-cell population to whole-body irradiation in vivo Wilson, 1959, 1960) . These studies showed that the leukaemia could not be transmitted either by cell-free extracts or by large doses of lethally-irradiated cells. In 1964, at the 316th serial passage, ampoules of the leukaemia cells were stored in liquid N2 after preparation as described below. The experiments to be reported compare the quantitative transplantability of the cells before and after 13 years' storage at -196°C.
WHT Ascites Lymphoma I (Hewitt) arose spontaneously in a 16-month-old WHT male mouse in 1962, which presented with massively enlarged spleen and lymph nodes. It was serially passaged by i.p. injection of minced spleen, and transformed spontaneously to a full ascitic tumour by the 5th passage, after which it was passed by ascitic fluid; transformation could not have been by accidental contamination with another ascitic tumour because none was then maintained in our laboratory. After 2 earlier short periods of freeze-storage with intervening serial passages, it was in 1968 frozen down at the 106th passage by the method described below, and was stored at -196°C for almost 9 years. Before this final long storage period, the ascites cells had been subjected to i.p. transplantation assays on 4 occasions during 1964-65; it had also been demonstrated that the tumour was not immunogenic. We report here a comparison between the results of the pre-storage assays and that of one assay done after 9 years' storage.
Preparation and assay of cell suspensions.-Suspensions of the CBA leukaemia cells were 47 prepared from the infiltrated livers of leukaemic mice, and assayed by techniques described previously in detail (Hewitt, 1958) .
The WHT ascites cells were assayed by the i.p. injection of selected dilutions of ascitic fluid into groups of 6-8 mice.
The data of an assay consist of the incidences of successful transplantations for groups of mice which were injected i.p. with a range of specified mean numbers of lymphoma cells; 4-7 inoculum sizes were used in the assays. The result of an assay, the TD50, is obtained by calculated interpolation from the data and represents the number of cells required for 50% successful transplantation.
The TD50 values for the earlier assays were calculated exclusively by the simple method of Reed and Muench (1938) . As the primary data of the older assays are no longer available we have been unable to recalculate these TD50 values by the more appropriate methods which have been since recommended (Finney, 1964; Porter, Hewitt and Blake, 1973 Comparisons of data obtained at the widely separated times before and after storage were authenticated by the precise uniformity of technical procedures throughout; each of us performed the same part of the procedure on all occasions. We thus avoided the critical observer or operator inconsistencies commonly associated with selective cell counting or preparation of very high serial dilutions (up to 10-8). All cell handling was under strictly aseptic conditions. Method of freezing and thawing.-A 20% solution of dimethylsulphoxide (DMSO) in Tyrode solution containing 10% mouse serum, and a cell suspension in the same medium, were cooled to 2°C and mixed in equal volumes to give a final concentration of 10% DMSO. One-ml volumes of the preparation were sealed in glass ampoules and these placed in a bath of acetone. By the controlled addition of pieces of solid CO2, the temperature of the bath was reduced to -10°C at a rate of 1°/min and from -10°C to -30°C at a rate of 4°/min. The ampoules were then transferred to liquid N2 in which they remained over the period of storage. Recovered ampoules were thawed by shaking in a 37°C water bath and immediately diluted at least 5-fold in serum/Tyrode medium; the residual concentration of DMSO (2%) The assay of cells directly from the freeze-stored ampoule after thawing yielded a TD50 of 1P2 cells, which is not significantly different from the mean value for the 4 pre-storage assays done 13 years previously (1P99±148). As in the case of the first recent assay of the CBA leukaemia cells, the data for the larger inocula, given in the Table (C), whilst they did not prove to contribute to calculation of the TD50, serve to confirm the homogeneity of the current AWHT mice by excluding any significant proportion of aberrant resistant mice. Thus, there was no evidence that the freeze-store-thaw procedure had either caused morphologically evident cell killing or had reduced the proliferative capacity of the cells which had remained visibly intact.
-We estimate that our colony of WHT mice, in which the tumour arose, had gone through [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] generations between the earlier assays and the recent one ( 13 years). As in the case of the CBA colony, no change had occurred in the histocompatibility status of the mice sufficient to elevate the TD50 of the tumour cells.
DISCUSSION
Our findings provide striking confirmation of the efficiency of the method we employed to freeze down ouir cells, and we regret that we have been unable to trace the authors who originally described the technique. It is possible that the very high efficiency we encountered owed something to the common cell type to which our tumours belong; lymphoma cell suspensions, unlike suspensions of cells from solid tumours, are peculiarly free from cell clumps, and do not requtire enzymatic treatmenit for their preparation. Althougl the relatively lonig storage may attract attention to our contribution, this is probably the least relevant feature of the process in respect of cell damage (certainly at 1960C)). (fHoldridge and Hauschka, 1974) .
The constancy of the TD50 values between measurements made 20 and 13 years apart demonstrates not only the resistance of the tumour cells to damage by freeze-storage but also the stability of the host/tumour relationship, in so much as the TD50 can reflect changes in it. It is concluded either that no mutation of a major histocompatibility gene had occurred over these periods or that such mutation had not attained homozvgous status in a significant proportion of the mice used for the most recent assays.
A survey of current usage of nominal isotransplants of tumours of spontaneous origin (Hewitt, 1978) reveals that several commonly uised tumouirs of this class have been fouind to exhibit immunogenicity after serial transplantation for over 20 years. However, in most instances of their cturrent usage such tumours have been imported to the laboratories in which they were used; these are circumstances which commonly involve a histocompatibility difference between the substrain in which the tuimouir arose and that of the recipient mice; Giraff, Valeriote and Medoff (197T) relporte(l that a transplanted AKRI leukae-mia gave TD50 values differing by as much as one million-fold when assayed in AKR mice from several different sources. It may well be that the stability described here for our two tumour systems owes much to the fact that all assays were done in our own laboratory-bred mouse colonies in which the tumours had arisen.
Our findings indicate that a considerable technical convenience is furnished by the conditions we have described; a large batch of uniform ampoules of cells can be fieeze-stored without alteration and used reliably and conveniently to provide starting material for inter-related experimnents conducted over many years.
